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Abstract 
A simulation is investigated to obtain properly enhanced matrices reinforced with nano fibers with different volume ratios of 
0.03, 0.05, 0.1, 0.3 and 0.6.  Results from this investigation show that matrices reinforced with nano fiber volume ratios of less 
than 0.1 have useful properties and can be used for conventional fiber reinforced composites.  Results, from matrices reinforced 
with nano fiber volume ratios greater than 0.1, are not as conclusive.  This may be because the nano fiber reinforcement in the 
matrix interferes with the larger diameter fibers.   
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1.  Introduction 
 
 Nano materials are getting a lot of attention recently [1].  The major problem is that they are so minute that it 
would require a very large number of fibers to make practical structural parts.  One interesting use may be to 
reinforce matrices with some volume that would increase their material properties sufficiently high to make them 
more tolerant to transverse and shear loadings.  This reinforcement will be in line with the meso mechanics concept 
since subsequently the nano fiber reinforced matrix will be used with conventional fibers to make structural 
components [2].  For example, some relatively small nano fiber volume ratio can be used for the reinforcement so 
that it will not interfere with the larger diameter fibers.  Thus the impetus of the proposed paper.  The specific 
objective is nano fiber reinforced matrices and the enhancement of the nano ply properties compared to conventional 
ply properties.  The specific cases investigated include nano fiber reinforcements of 0.03, 0.05, 0.1, 0.3, and 0.6 
percent of nano fiber reinforcements.  The matrix is reinforced first with nano fibers to get the properties of the 
reinforced matrix.  Then, these nano fiber reinforced matrices are used with conventional fiber reinforcements to 
evaluate the effects of the nano reinforced matrix in the conventional composite [3 and 4].  Results indicate that 0.05 
percent enhancements are comparable to the longitudinal ply properties of 3 percent fiber conventional 
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reinforcement.  On the other hand, 30 percent random nano fiber matrix reinforcement sufficiently reinforces the 
nano ply to raise its material properties compared to the longitudinal conventionally reinforced nano ply. 
 
 
 
1.2 Concept/Method 
 
 The concept is that a nano composite may be simulated with composite micromechanics where the 
micromechanics are nano diameter based [5].  Using the micromechanics coded in ICAN [2], the nano composite 
properties are simulated for fiber volume ratios of 0.03, 0.05, 0.1, 0.3 and 0.6.  The properties simulated are all those 
which are required for designing a commercial composite.  These properties are numerous and are not described 
here for space limitation.  The interested reader should see reference [5].  Those properties listed here are nano fiber 
composite fracture stresses for comparison purposes for a [0, +/- 45, 90]s nano laminate consisting of eight mono 
nano fiber plies.  The reason being, to simulate a quasi isotropic nano composite behavior for reinforcing matrices to 
obtain matrix-enhanced properties.  To obtain the composite enhancements, substitute the enhanced matrix 
properties in a conventional matrix for a regular composite mechanics laminate analysis.  The concepts are 
described in [6].  The procedure is illustrated in the following simple diagram: 
 
 
 
1.3 Results and Discussion 
     
 The results for failure criteria, obtained from [6], are summarized in Table 1.   
 
Table 1.  Simulated Results for Nano Composite Failure Criteria 
 
Longitudinal (ksi) Transverse (ksi) Nanofiber 
volume 
ratio 
Nanofiber 
diam. Tension Compression Tension Compression Shear 
0.03 3.15x10-5 10.8 (SƐIIT) 10.8 (SƐIIC) 10.8 (SƐIIT) 10.8 (SƐIIC) 9.1 (SƐIIC) 
0.05 1.25x10-4 13.7 (SƐIIT) 13.7 (SƐIIC) 13.7 (SƐIIT) 13.7 (SƐIIC) 11.2 (SƐIIC) 
0.1 8.8x10-5 20.8 (SƐIIT) 18.2 (SƐIIC) 20.8 (SƐIIT) 18.2 (SƐIIC) 14.4 (SƐIIC) 
0.3 0.005 74.9 74.9 74.9 74.9 37.4 
  120.7 (SƐIIT) 81.2 (SƐIIC) 120.7 (SƐIIT) 81.2 (SƐIIC) 62.6 (SƐIIC) 
0.6 0.005 53.8 53.8 53.8 53.8 26.9 
  290.7 (SƐIIT) 1366.6 (SƐIIT) 290.7 (SƐIIT) 1336.6 (SƐIIT) 238.7 (SƐIIT) 
Note:  one ksi = 6.89 MPa; inch = 2.54 cm. 
 
Notation: 
S = strength   Ɛ = monopoly   T = tension 
II = fiber direction  C = compression 
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 The results in Table 1 illustrates the respective failure criteria for the input values shown in the left two columns 
of the table and the nano composite stresses at failure.  Note that the single lines shown for nano composite fiber 
volume ratios of 0.03, 0.05, 0.1, 0.3 and 0.6 respectively.  The two double lines shown for the nano composite 
failure properties of 0.3 and 0.6 are the first line for first ply failure and the second line for fiber failures in all plies.  
Note also the differences between the values for the (0.3) and (0.6) volume ratios.  The (0.6) nano fiber volume ratio 
shows that an optimum nano fiber volume ratio may be between these two nano fiber volume ratios.  The major 
point from this summary is that the failure properties are equal for nano fiber volume rations of 0.03 and 0.06.  For 
0.1 nano fiber volume ratio the failure stresses are direction dependent, the tensile properties are greater than the 
compressive properties.  However, the first nano ply failure stresses are equal again.  It is interesting to note that for 
the volume ratio of 0.03 to 0.3 the sense alternates between tension and compression.  For the 0.6 fiber volume ratio 
the failure stress is only positive.  Note also that the shear stress is compression for nano fiber volume ratio of 0.03 
to 0.3.  However, it changes to tension for the nano fiber volume ratio of 0.6.  It is also interesting to note the nano 
fiber stresses in the nano fiber and in the nano matrix.  These are shown in Figures 1a to 1c.  It can be seen in these 
figures that the longitudinal nano fiber stress (SFLIT) is the maximum nano fiber stresses with relatively high 
magnitudes, which means that some nano fibers may have already fractured.  The applied stress to get the combined 
stress failure criterion was an in-plane force of Nx=Ny=1.78 kg/cm (10 lb/in) and an in-plane shear force Nxy=0.89 
kg/cm (5.0 lb/in). 
 
Fig. 1(a) Constituent material nano ply stresses for a nanocomposite with nanofiber volume ratio of 0.03, SM1L is the 
longitudinal nano matrix stress in the longitudinal direction while SF1L is the respective nano fiber stress.  (ksi ~ 6.9 MPa) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1(b) Constituent material nano ply stresses for a nanocomposite with nanofiber volume ratio of 0.05, SM1L is the 
longitudinal nano matrix stress in the longitudinal direction while SF1L is the respective nano fiber stress (ksi ~ 6.9 MPa) 
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Fig. 1(c) Constituent material nano ply stresses for a nanocomposite with nanofiber volume ratio of 0.01, SM1L is the 
longitudinal nanostress in the longitudinal direction while SF1L is the respective nano fiber stress (ksi ~ 6.9MPa) 
 
1.4 Concluding Remarks 
  
 An investigation was performed to simulate the nano fiber reinforced matrix enhanced properties.  The method 
used was that available in a fiber/matrix properties simulation where the fiber matrix properties and the fiber 
diameter are inserts to the code.  The outputs are all composite properties required for design.  The salient results 
from this simulation demonstrate that nano fiber volume ratios of less than 0.1 are useful reinforcement in a matrix 
to obtain enhanced matrix properties.  The failure stresses for these nano fibers reinforced matrices for useful 
enhanced matrices are obtained.  For greater than 0.1 nano fiber volume ratios the simulation results are not so 
conclusive.  For example, the combined failure stress criterion  show a reduction in the first nano ply stresses 
between 0.3 and 0.6 nano fiber volume ratios.  Also, the failure stress sense changes from an alternating to the all 
same sense for the 0.6 nano fiber volume matrix.  
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